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for  the  Salta,  1973  and  Caueeta,  1977  aarthquakaa  are  reported. 
Refraction  profilea  suggest  complex  Telocity  structures  in  the 
earth *8  upper  6  km. 

Short-period  noise  levels  vary  more  than  30  dB  with  local 
geologies,  mcro-seismlc  stora  long^-period  energy  is  mainly  be- 
tween  5  and  10  seconds  periods.  Negative  first  motion  on  Argen~ 
tlnlan  P-waves  from  Nevada  Teal  Site  presumed  underground  nuclear 
explosions  may  indicate  tectonic  strain  release  associated  with 
these  events.  Primary  Eurasian  event  signals  are  PXP-waves,  in 
correspondence  with  standard  travel  time  vs.  distance  curves. 
Signal  arrivals  between  .F>  and  S-waves  seen  to  be  P-  to  S-wave 
and  S-  to  P-wave  conversions  on  tiio  lithosphere-asthenosphere 
boxmdary,  according  to  the  literature,  suggesting  thatthis  bound- 
ary  may  be  at  a  depth  of  400  km. 
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ABSTRACT 


An  orltntatlon  study  on  roglonal  solBmology  in  Argen¬ 
tina  reveals  extensive  actual  and  projected  seismometry.  Data  digi¬ 
tization  is  being  initiated  at  some  stations,  and  modem  computing 
facilities  are  being  acquired.  Most  of  the  regional  seismioity  is 
explained  interms  of  the  subduction  of  the  Nazoa  plate  under  the 
South  American  continent,  but  also  intraplate  earthquakes  have  oc¬ 
curred.  Part  of  the  subduction,  initially  with  a  dip  angle  of  30^, 
is  horizontal.  Seismicity  gaps  exist  in  the  Province  of  Tucumdn,  and 
in  depth  between  3^0  and  50C  km.  Source  parameters  for  the  Salta, 

1973  and  Caucete,  1977  earthqtiakes  are  reported.  Refraction  profiles 
suggest  complex  velocity  structures  in  the  earth's  upper  6  km. 

Short-period  noise  levels  vary  mere  than  30dB  with 
local  geologies.  Miero-seiemic  storm  long-period  energy  is  mainly 
between  5  and  10  seconds  periods,  negative  first  motion  on  Argen¬ 
tinian  P-waves  from  Nevada  Test  Site  prestneed  underground  nuclear 
explosions  may  indicate  tectonic  strain  release  associated  with 
these  events.  Primary  Eurasian  event  signals  are  PKP-waves,  in  cor¬ 
respondence  with  standard  travel  time  vs.  distance  curves.  Signal 
azrivals  between  P-  and  S-waves  seem  to  be  P-  to  S-wave  and  S-  to 
P-wave  conversions  on  the  lithosphere-asthenosphere  boundary,  aceerd- 
Ing  to  the  llteritiire,  suggesting  that  this  boundary  may  be  at  a 
depth  of  400  km. 
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SECTION  I 
INTRODUCTION 


^iiis  Pinal  Technical  Report  describer  the  work  per¬ 
formed  under  APOSR  Contract  No.  P49620-79-C-0098,.  during  the  con¬ 
tract  period  1  May  1979  -  30  September  1980.  The  work  conceme  an 
orientation  of  available  research  facilities,  and  research  on  topics 
of  regional  seismology  in  Argentina  in  the  context  of  worldwide 
seismic  surveillance. 

A  brief  svunmaiy  of  the  work  performed  during  the  firdb 
year’s  period,  1  May  1979  --  30  April  1980,  was  issued  previously  as 
Annual  Technical  Report  No.l.  This  comprehensive  report  dcs^'ribes 
the  research,  baaed  on  literature,  personal  communicatior,  and  some 
actual  date,  In  Section  II.  Topics  include:  seismicity,  source  char- 
a'^teriatics,  p.-'opagation  velocities,  noise,  and  signal  characteris¬ 
tics.  Also  inoludedis  a  summary  of  a  publication  concerning  previous 
research  on  the  automatic  detection,  timing  and  identification  of 
seismic  event  signals.  Conclusions,  and  suggestions  for  future  work 
are  presented  in  Section  III.  Section  IV  contains  the  related  biblio¬ 
graphy  . 
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SECTION  II 
RESEARCH 


A.  INTRODUCTION 

This  section  describes  the  research  performed  during 
the  contract  period  cone.  rned.  first,  we  present  an  overview  of  avail¬ 
able  research  facilities  in  Argentina.  Next,  v;e  treat  the  topics  of 
regional  seismicity,  source  characteristics,  propagation  velocities, 
noise,  and  signal  characteristics,  as  found  from  literature  research, 
personal  communication,  and  seismic  data.  The  final  part  summarizes 
a  refinement  of  previous  research  which  resulted  in  two  publications. 


B.  RESEARCH  F'CILTTTEr, 

The  major  research  facilities  in  Argentina  are  pro¬ 
vided  by  the  Institute  Nacional  di*  Prevencidn  Sfsmica  (INPRES,  Natio¬ 
nal  Institute  of  Seismic  Surveillance),  The  objectives  of  this  insti¬ 
tute  are  enhancement  of  seisraological  studies,  design  of  earthquake 
resistant  building  codes,  and  ntional  representation  in  seismology 
and  earthquake  engineering  matters.  INPRES  is  responsible  for  the 
installation  and  maintenance  of  national  networks  of  seismographs, 
strong-motion  accelerometers,  and  seisraoscopes  (INPRES,  1979).  The 
projected  seismograph  netv.ork  is  presented  in  Figure  II-l,  Short- 
period  seismometers  are  S-I3,  Benioff  or  •Vood-Anderson;  long-period 
seismometers  are  Press- dwing.  The  network  includes  a  telemetered 
four-station,  veitical  component  short-period  array  of  approximately 
25  km  radius  at  San  Juan.  The  INPRES  strong-motion  accelerometer 
network  counts  16  three-component  Ishimoto  instruments,  to  be  aug¬ 
mented  with  another  ten  during  I98O.  The  INPRES  seismoscope  network 
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consists  of  114  seiamoscopes,  to  be  augmented  with  another  50  during 

1980. 


In  addition  to  the  operation  and  maintenance  of  the 
abov<*  mentioned  instruments,  INPRSS  performs  special  project  seiami- 
city  and  seismic  risk  rtudiea,  for  instance,  for  nuclear  and  hydro¬ 
electric  plants. 


Besides  the  INI^ES  network  of  seismic  stations,  there 
are  the  aix-component -WWSSN  station  at  La  Plata  (IPA),  the  stations 
CBN  and  ZON  operated  by  the  selsmological  Institute  ZONDA  of  the  Uni¬ 
versity  of  San  Juan,  and  some  seismographs  at  meteorological  stations. 
Station  CBN  is  a  remote  station  consisting  of  a  vertical  component, 
short-period  seismograph;  ZON  has  E-W  and  N-S  horizontal  component 
mechanical  short-period  seismographs,  n  vertical  component  short- 
period  seismograph,  and  a  50-second  E-W  horizontal  component  long- 
period  seismograph.  No  data  eo\ild  be  obtained  for  the  meteorologlced 
station  instruments. 

The  Ihilvereity  of  Tucumdn  maintains  an  experimental 
geophysical  station  20  km  West  of  the  city  of  Tuctmdn,  in  the  foot 
of  the  Andes  mountains.  Instrumentation  consists  of  a  magnetometer, 
pendulums,  and  a  short-period  vertical  component  seismometer  with  a 
frequency  response  peaking  at  1  Hz.  Technical  problems  so  far  have 
prevented  the  eeiamograph  to  be  operational  as  a  selamic  station; 
it  is  expeeted  that  its  function  will  be  restored  shortly. 

Seiemometero  at  the  various  seismic  stations  typi¬ 
cally  are  placed  in  a-  vault  at  the  end  of  a  horizontal  tunnel  dug 
in  rock,  approximately  as  sketched  in  Figure  II-2.  Seismograms  are 
recorded  on  smoked  or  thermal  paper,  the  former  giving  o  considerably 
higher  resolution. 


30  meters 
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seismometer 


30 


26  5  meters 


FIGURE  11-2 


UNT  SEISMOMETER  PLACEMENT 


Both  INFRr^S  and  the  University  of  Tucura^n  (UNT)  are 
in  the  process  of  acquiring  modern  computing  facilities.  The  INPRES 
system  is  Hewlett-Packard  with  tape,  disk,  diskette  and  cassette 
capability,  and  a  digitizing  table  for  digitizing  analog  seismograms. 
The  UHT  facility  is  a  Digital  Equipment  Corporation  (DEC)  VAI-11/780 
system  with  disks  and  tape,  and  employing  intelligent  terminals  with 
diskette  (floppy  disk)  capability. 

Finally,  the  following  organizations  provide  regional 
seismology  literature: 

•  INPRES:  reports  and  publications,  seismic  bulle¬ 
tins 

•  Asociacidn  Argentina  de  Geoffsicos  y  Geodestas 
(Argentinian  Association  of  Geophysicists  and 
Geodesists,  AAGG):  Geoacta,  profeisional  journal, 

•  Instituto  Panamericano  de  Geograffa  e  Historia 
(Panamerican  Institute  of  Geography  and  History, 
sponsored  by  the  Organization  of  American 
States:  Revista  Geoffsica  (Geophysical  Journal), 

3.  SEISMICITY 

The  seismicity  in  Argentina  is  determined  mainly  by 
the  relative  tectonic  movements  of  the  Nazca  Plate  arid  the  American 
Plate,  and,  in  particular,  by  the  subduction  of  the  former  under  the 
latter.  Figure  II-3.  Summarizing  the  tectonic  movements  affecting 
the  Argentinian  territory  (Volponi,  1974,  1979),  it  is  assumed  that 
convection  currents  thrusting  upwards  at  the  Mid-Atlantic  Ridge 
cause  the  African  Plate  to  move  eastward,  and  the  American  Plate 
westward,  both  at  a  ’'^elocity  of  2  cm/year  around  30°  S  latitude. 

The  Nazca  Plate  appears  to  be  moving  eastward  at  6  cm/year,  thus 
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colliding  v/ith  the  American  Plate  at  a  relative  impact  velocity  of 
8  cm/year  at  this  latitude.  The  Nazca  Plate  underthrusts  the  American 
Plate  with  a  dip  angle  of  30°  with  respect  to  the  horizontal,  as 
evidenced  by  seismicity  patterns. 


However,  the  subduction  in  South  America  does  not 
seem  homogeneous  (Duda,  1976;  Volponi,  1974,  1979).  Volponi  (1979) 
distinguishes  four  major  zones  for  the  Argentinian  territory  (Figure 
II-4).  Zone  I,  or  the  Northern  Zone,  between  18-26°  S  latitude  and 
63-72°  <V  longitude,  extends  from  Southern  Peru  to  the  Argentinian 
Province  of  Tucum^n,  and  covers  parts  of  Northern  Chili  and  Southern 
Bolivia,  The  Eastern  part  of  this  zone,  named  Zone  I*,  between  63 
and  65°  W  longitude,  contains  the  deep-focus  earthquakes  (500-700  km 
depth).  In  this  Northern  Zone,  the  Benioff  zone  shows  a  seismicity 
gap  between  350  and  550  km  depth.  Seismicity  in  this  zone  is  highest 
in  the  Salta  and  Jujuy  pi'ovinces,  near  the  Bolivian  border,  and  tapers 
off  to'wards  the  Province  of  Tucumd[n. 

Zone  II,  or  the  Central  Zone,  comprises  the  provinces 
of  Catamarca,  La  Rioja,  San  Juan  and  Mendoza,  South  of  Tucum^n,  be¬ 
tween  26-36°  S  and  66-73°  -V.  The  seismicity  here  is  less  than  in  the 
Northern  Zone,  and  shoWs  specific  characteristics  (Figure  II-5).  The 
seismicity  produc  id  between  30  and  34°  S  latitude  shows  that  the  dip 
of  the  Benioff  zone  changes  around  70.5°  W  longitude  from  30°  to 
horizontal.  Eastward  of  this  longitude  the  seismicity  seems  to  be 
concentrated  at  approximately  120  km  depth.  These  characteristics 
a;e  similar  to  those  of  central  Peru  (Hasegawa  and  Sacks,  198O). 

Zone  III,  or  the  Patagonic  Zone,  covers  the  area  south 
of  36°  S  latitude,  comprised  by  the  Pacific  Ocean  neax  •.  e  -lean 
coast,  Chili,  and  //estern  and  Southwestern  Argentina.  This  zone  is 
characterized  (Volponi,  1979)  hy  the  absence  of  intermediate  depth 
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FIGURE  II-4 


THE  FO!T^  LARGE  EEISMIC  ZONES  FOR  THE  ARGENTINIAN  TERRITORY 

(Volponi,  1979) 


FIGURE  II-5 

SUBDUCTIOK  T»  ;TV/ v:w:  30®  AND  34®  SOUTH  LATITUDE^  AS  EVIDEKCED  BY  P8CU 
Jl^CTIOHS  OF  HYPOCENTERS  ON  VERTICAL  PLANE  (Volponi,  1979) 


earthquakes.  Rarely  an  earthquake  with  a  depth  greater  than  70  km 
is  registered.  The  shallow  earthquakes  In  this  zone  occur  in  gen¬ 
eral  around  75°  W  longitude.  Before  the  strong  earthquakes  of  South¬ 
ern  Chili  in  I960,  this  area  was  considered  aseismic.  Seismicity 
information  is  sparse,  however,  due  to  the  fact  that  stations  (in 
Chili)  have  been  operational  only  during  the  last  few  years.  The 
seismic  activity  in  this  zone  is  produced  by  the  tectonic  interact- 
ionbetween  the  South  American,  Nazca,  and  AntaR:tic  Plates, 
which  Intersect  around  45°  S,  South  of  the  island  Chiloe. 

Zone  IV,  or  the  Tesoseismic  Zone,  is  characterized 
by  13  intraplate  earthquaJces ,  Figure  II-6,  of  which  no  further  details 
were  reported  in  the  literature  studied. 


Concerning  the  Tucomdn  area,  this  province  seems 
to  exhibit  a  seismic  gap.  It  is  not  known  if  this  area  is  aseismic, 
is  subject  to  seismic  creep,  or  if  stresses  are  accumulating  for  a 
future  tectonic  energy  release.  In  a  study  of  seismicity  affecting 
the  Tucvimdn  province,  and  covering  the  ai-ea  25-29°  S,  64-67°  W,  Zossl 
(1979)  found  that  most  of  the  seismicity  was  concentrated  at  28°  S, 
between  66  and  67°  W,  and  in  depth  at  about  170  km.  This  area  of 
relatively  high  seismicity  shows  special  geological  features  in  that 
it  seems  to  be  comprised  of  a  depressed,  northward  dipping  block. 

Some  of  the  seismicity  data  presented  above  were 
compiled  from  historical  data,  going  back  as  far  as  the  year  1692. 
Table  II-l  gives  an  overview  of  the  most  important  destxnictive 
earthqtiakes.  Where  necessary,  magnitudes  were  estimated  from  inten¬ 
sity  vs.  distance  curves.  Figure  II-7,  obtained  from  observations 
and  historical  descriptions. 

Figure  II-8  shows  the  maximum  intensities  observed 
in  Argentina  until  1976.  Figure  II-9  presents  a  seismic  risk  map 
for  the  Argentinian  territory  calculated  by  INPRES  (1978). 
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PTGURE  TI-6 

MOST  IMPORTANT  EARTHQUAKSS  IN  ZONE  IV,  1045  -  1968  (Volponi,  1979) 
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K05T  irPOPTNT  P ^STRUOTIVS 


" '\RTH(JTAKSS  IN  AROJNTINA 


(INPRRS,  I97B) 


UBICACION 

H 

DENOMINACIOH 

I(MM) 

nCHA 

LAT. 

LONG. 

H 

MAXIMA 

U-  9-1692 

25.3 

64.8 

7.3 

Talavera  (Salca) 

VIII 

22-  5-1782 

32.7 

69.2 

- 

6.5 

Santa  Rita(Mendoza) 

VII 

18-10-184A 

24.8 

•64.7 

- 

6.5 

Salca 

VII 

20-  3-1861 

32.9 

68.9 

30 

7.0 

Mandoza 

X 

22-10-1871 

23.2 

64.5 

- 

6.5 

Oran  (Salta) 

VIII 

27-10-1894 

30.5 

68.4 

30 

8.2 

Argent ino 

X 

12-  8-1903 

32.1 

69.1 

70 

6.3 

Mendoza 

VII 

26-  7-1917 

32.3 

68.9 

- 

6.5 

Mendoza 

VII 

17-12-1920 

32.7 

68.4 

40 

6.3 

Costa  de  Araujo 
(Mendoza) 

VIII 

14-  4-1927 

32.4 

69.3 

60 

7.4 

Mendoza 

VIII 

30-  5-1929 

34.9 

68.0 

40 

6.5 

Sur  Mendocino 
(Mendoza) 

VII 

24-12-1930 

24.7 

66.3 

30 

6.0 

La  Pona  (Salca) 

VIII 

11-  6-1934 

33.7 

64.5 

30 

6.0 

Saapacho  (C6rdoba) 

VIII 

22-  5-1936 

32.5 

65.9 

40 

6.2 

San  Francisco 
(San  Luis) 

VIII 

3-  7-1941 

31.7 

67.9 

70 

6.7 

Caucete  (San  Juan) 

VII 

15-  1-1944 

31.4 

68.4 

30 

7.8 

San  Juan 

IX 

25-  8-1948 

24.9 

64.8 

50 

7.0 

Salta 

VIII 

18-12-1949 

54.1 

70.5 

30 

7.8 

Tierra  del  Fuego 

VII 

11-  6-1952 

31.7 

68.9 

30 

7.0 

La  Rinconada 
(San  Juan) 

VIII 

24-10-1957 

28.9 

68.0 

37 

6.0 

Villa  Castelli 
(La  Rioja) 

VII 

12-  5-1959 

23.2 

64.7 

1100 

6.8 

'  San  Andres (Salca) 

VII 

21-10-1966 

27.8 

'  67.3 

5.0 

;  Belen  (Catanarca) 

VII 

19-11-1973 

24.8 

!  6i.6 

!  40 

:  6.1 

1  Salca 

VII 

17-  8-1974 

23.3 

I  64  .4 

1  30 

}  ^ 

!  Oran  (Salta) 

VII 

23-11-1977 

31.3 

l67_.J. 

!  ~.4 

C?ucece(i>aix  Juan) 

_IX _ 

Concerning  the  b-velue  in  the  recurrence  relation 
for  earthruakea,  log  N  ■  a-bM,  Dude  (1976)  reports  the  results  com¬ 
piled  in  Tnble  II-2,  for  all  of  South  America,  obtained  from  data  of 
381  earthquakes  from  a  CF3RESIS  (Centro  Regional  de  Sismologfa  para 
America  del  Sur,  Regional  Seismology  Center  for  South  America)  cata¬ 
logue  (Oiesecke,  1971).  The  right-haid  column  is  arrived  at  by  com¬ 
pensation  for  population  sise  following  Duda  and  Rahidi  (1972),  and 
suggests  er,  increase  in  b-values  for  intermediate-depth  earthquakes. 
The  latter  would  indicate  that  proportionally  more  snail-magnitude 
earthouakes  occurred  in  South  Jbnerica  in  the  intermediate  c'  '^pth 
range  than  at  shallow  depth.  For  622  earthquakes  from  the  same  cata¬ 
logue,  Duda  (1976)aleo  found  a  correlation  betweenan  increase  in 
b-value  and  a  decrease  in  maximum  magnitude  with  time,  both  pheno¬ 
mena  ru  posedly  indicating  a  chf^nge  in  the  seismicity  mode,  possibly 
due  to  a  decreasing  state  of  stress  in  the  region  over  the  time  in¬ 
terval  studied. 


D.  SOURCE  PARAK’^T  iRS 


In  the  literature  studied,  source  parameters  were 
reported  for  two  Argentinian  earthquakes,  the  Salta  earthquake  of 
19  November  1973  (Gershanik  et  al , ,  1979),  and  the  Caucete  earthquake 
of  23  November  1977  (Uhiversidad  Nacional  de  San  Juan,  1979).  The 
results  are  listed  in  Table  II-3,  following  the  parameter  definition 
given  by  Aki  and  Richards  (I98O).  !'r»;cise  leveling  measurements 
t  ken  in  1976  and  in  1978  indicate  that  the  Cauceteearthquake  caused 
a  1.14  m  uplift  (Universidad  Nacional  de  San  Juan,  1979).  Other 
measurements  suggest  also  a  gradual  uplift  of  approximately  4.4  cm 
over  the  period  1967-1976,  according  to  the  same  reference. 
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T  ABLE  1 1 -2 

b-VALUES  FOR  f'OUTH  .AMERICAN  EARTHQUAKES  SOUTH  OP  10°N ,  I960  -  1969, 

5.5  ^  <  8.5  (after  Uuda,  1976) 


niimber  of 

earthquakes 

depth 
range  (km) 

b-value 

T 

normal 

compensated'^  j 

301 

all  depths 

0795 

o 

f 

297 

<  100 

1.08 

1.2 

63 

100  -  450 

1.09 

1^5 

21 

>  450 

0.48 

1.2 

compensated  for  population  size 


(Uuda  and  Rahidi, 


1972) 
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/i3LE  TI-3 


cOURC2  PARAMETERS 


FOR  TWO  AF  liKTINlAN  j.  .ITM 


earthquake  xiame 

Saita^ 

date 

19  Nov  73 

23  Nov  77 

origin  time 

11:19:35 

03:26:25 

latitude 

24..7°S 

31..7°S 

longi tude 

64.6®W 

68.9°W 

depth  (km) 

40 

40 

“b 

5.8 

7.3 

■e 

5.9 

- 

strike 

N76®W 

N47°W 

dip 

60° 

0 

0 

c- 

plunge 

- 

65° 

seismic  moment  (erg) 

I..33  X  10^^ 

2.16  X  10^ 

stress  drop  (bar) 

37.3 

8.75 

displacement  (cm) 

50 

120 

fault  length  (km) 

11. .5 

120 

^Parameter  definition  according  to 
^Gershanik  et  al,,  1979 
^Universidad  Nacional  de  San  Juan, 


Aki  and  Richards  (I98O) 
1979;  INPRES,  1977 
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Llttlf!  Tttoi-ature  hiit-  'bpen  found  on  regional  propa¬ 
gation  veloeitlee.  Volpor.i  ;1968)  composed  a  propagation  velocity 
Etructure  near  Mendos’ri,  bf. sed  on  5-P  travel  time  differences  for  a 
series  of  four  earthpuakes  occurring  very  shortly  in  succession  at 
3P.8°ri,  b8.9®.V  or.  21  Cctobfr  I9t8  (Pigure  Tl-lCa).  In  this  article, 
Volponi  suggests  that  velocity  structures  in  the  upper  part  of  the 
crust  may  he  more  complex  than  Indicated.  This  seenr  evidenced  by 
refraction  survey  data  Just  Flast  and  South  of  Tucumin  Province,  re¬ 
ported  by  (1979)-,  resulting  in  the  structure  of  Figure  Il-lOb, 

p.  ■  Ct:,^R',CT";T?T^•^Tcs 

Volponi  and  Vendiguren  (1963)  studied  short-period 
mean  noise  ampli+udes  over  a  100x25  km  area  near  San  Juan,  using 
1-second  ins-* nirients  at  eight  cites  (Figure  II-ll).  Despite  the  short 
distances  hotv/<  en  cites,  there  is  considerable  noise  amplitude  dif- 
f  rrence:  1-75  not  counting  site  8  which  shows  mainly  traffic  • 
noise.  T>  is  ir  due  hLsiclly  to  geological  differences.  For  instance, 
sites  3  (^luvi‘l^)  r.d  7  (precamhrian  rock)  are  less  than  15  km  apart, 
hut  sho,.  e  3C  dh  '"'inference  in  noise  lev  1.  The  dominant  noise  period 
in  this  experiment  v.ried  between  0.5  and  1.0  seconds. 

Short-period  noise  levels  measured  on  the  vertical 
component  of  the  .‘AV^SN  station  et  La  Plata  (LPA)  typically  vary 
beiv/een  160  and  500  n^,  with  dominant  periods  of  1  and  2  seconds, 
respectively  (Figure  11-12).  Long-period  noise  levels  at  this  station, 
measured  on  the  horir.ontal  North  component  (Figure  11-13)  vary  be¬ 
tween  4  and  16  /i,  with  dominant  periods  of  5  and  90  seconds,  respec¬ 
tively,  in  which  the  former  are  suporimpoeed  on  the  latter.  The 
station  is  located  near  an  urban  area  over  sediment,  wrhich  '.robably 
explains  tho  noise  ch.uracteristics  observed. 
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Depth  (km) 


Prop«£r£ttion  Velocity  (km/s) 


PiaORT?  TT-10 

PPOPAn/.'^TCT':  V’T.OPTTY  nTP’JCTTTRSn  TR  "RT  ’NTTMA 
(a)  Kendor.a!  31-33®S,  68-71°'',  (b)  Near  Tucura^n  Province: 

After  Volponi  (1968),.  ?6-?8°S,  64-65. 5°V.  After 

Zossi  (1979). Patched  area 
indicates  velocity  variation 


Sttn  fhm 


MSAR  SHORT-PrnTTCT)  !70Tr:?  'h'PlITTlDRfS  ABOUT  1  HZ,  KBASURBD  AT  BIGHT 
SITES  WITPIH  100  X  ?5  O!  AR’^A  HBAH  SAN  JUAN  (Volponi  and  Kendl«*ir«ii» 
1963) 
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v■w^'.V//^-^W/^Vy'wv.W^J^^*^Ml^'V«i^^^.'|.•/#^VJv^V/w^^AVv^V^v/v^W/.•V'A^^\^N*«•^/^•^»M^ 


FIGURE  11-12 

VBRTICAI  COMPONENT,  SHORT-PERIOD  NOISE  SAMPLE  PROM  STATION  LPA 


.• _ 

.  •A^''’0'''‘^  x.»'Vrv~<  ^ 


syv^ 


w\ 


PIGTTRK  11-13 

HORIZONrAL  NORTH  COMPONENT,  LONG-PERIOD  NOISE  SAI.1PLE  PROM  STATION  LPA 
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Triepp  (1977)  etudi  d  the  spectra  of  micro-seismic 
storms  registered  with  a  hori^.ontal  component,  50-second  seismo- 
graph  et  the  seismic  station  iOK  (31  33  S,  68  41  W)  near  San  Juan. 

An  example  is  given  ir.  Figure  II-14 .  Spectral  peaks,  some  very  pro¬ 
nounced,  seem  to  occur  mainly  between  5  and  10  seconds  periods. 

G.  SIGir.T,  cfahacteristics 

In  an  initial  attempt  to  study  characteristics  of 
regionally  recorded  seismic  event  signals,  analog  seismograms,  re¬ 
corded  at  the  station  GEN  (Cerro  Negro,  31°34 *33 .0* 's ,  68°45'l5.o' *W, 
elevation  900  m),  and  containing  the  primary  waves  of  some  Eurasian 
and  Nevada  Test  Site  (NTS)  events,  were  obtained  from  the  Seismolo- 
gical  Institute  ZONDA  of  the  University  of  San  Juan.  NORSAR  single¬ 
site  recordings  of  the  P-waves  of  these  events  were  studied  by  the 
principal  investigator  in  previous  rsearch  concerning  the  automatic 
detection,  timing  and  identification  of  seismic  event  signals  (Unger, 
1978a).  The  event  details  are  listed  in  Table  II-4,  reproduction  of 
the  CEN  seismograms  is  attempted  in  Figure  11-15.  For  comparison, the 
con  ecponiUng  NORSAR  recordings  and  their  associated  envelopes  are 
presented  in  Figure  11-16. 

Three  items  of  interest  were  analyzed;  travel  time 
and  wave  identification,  first  motion,  and  secondary  signal  onsets. 

The  results  are  combined,  and  compared  with  readings  from  the  NORSAR 
records,  in  Table  II-5. 

The  significant  primary  signals  of  Eurasian  events 
received  in  Argentina,  epicentral  distance  A«l40°-160®,  are  PKP  waves, 
these  of  the  NTS  events,  /U82®,  short-period  P-waves.  The  travel  times 
of  these  waves  correspond  well  to  standard  travel  time  vs.  distance 
curves , 
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TABLE  TI-4 

EURASIAN  AND  NTS  EVENTS  USED  IN  ARGENTINIAN 
SIGNAL  CHARACTERISTICS  STUDY 


Event 

Number' 

Date 

(m/d/y) 

Origin 

Time 

(h:m:s) 

Place 

Latitude 

(°N) 

Longitude 

(°E) 

Depth 

(km) 

Clas- 

sifi- 

2 

cation 

21 

09/06/71 

13:37:11.0 

Kurile  Is. 

46.7 

141.4 

29 

6.1 

Q 

22 

09/09/71 

23:01:06.0 

Kurile  Is. 

44.4 

150.9 

7 

6.0 

Q 

87 

01/20/75 

17:31:10.6 

J  apan 

35.0 

141.-2 

28 

5.9 

Q 

90 

05/C4/75 

09:31:59.5 

Japan 

37.1 

142.1 

24 

5.8 

Q 

53 

12/10/72 

04  :27:08.4 

E  ..Kazakh 

50.1 

78.8 

0 

6.0 

E 

58 

12/10/72 

04  :26:57.7 

E. Kazakh 

49*8 

78.1 

0 

5.7 

E 

60 

08/15/73 

01  :59:58.0 

S,  Kazakh 

42.7 

67.4 

0 

5.3 

P 

11 

08/30/74 

IS  :00:00.0 

NTS 

37.2 

-116.0 

0 

5.8 

N 

15 

07/08/71 

14  :00:00.0 

NTS 

37.1 

-116.0 

0 

5.5 

N 

sane  as  in  Tinker  (197Ba) 

2 

Q  -  Eurasian  er  rthnuake 

E  -  Eastern  K;  zakh  pre. uraed  underground  nuclear  explosion 
P  -  Russian  presumed  peaceful  underground  nuclear  exnlorion 
N  -  Nevada  Test  Site  (NTS)  presumed  \md e rground  nuclear  explosion 


TT-?6 


PIGTTRR  11-15  (PagP  1  of  ?) 

STATION  CRN  SRI^'KOGR AKS  POR  '■IJRASTAN  MR)  NTS  RVENTS 


PTGTIRR  TT-15  ?  of  ?) 

STATION  CEN  SEISKCGRAMS  POi!  EURASIAN  ATW  NT, 


II-P8 


I 


Eastern  Kazakh  Presumed  Nuclear  Explosions 


S3B>E  58-E 


90  I  59  60  •a  I  50  591 

Russian  Presumed  Peaceful  Nuclear  Explosion 
60- P 


49  I  50  95 

NTS  Presumed  Nuclear  Explosions 
11-N  15-N 


49  I  90  99  49  I  90  55 


Relntive  Time  (s) 
yiGlTRR  11-16  (Page  2  of  ?) 

MCRSAR  ^!RTSrG0R^M^)  ANP  RNVET.OPES  OP  EURASIAN  AND  NTS 

EVENTS,  .VITH  ANALYST  (T)  AUTOWATIC  (|)  SIGNAL  ONSET  TII'INC 

(Unger,  1978a) 
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1 1 -5 

CHARACT.^RISTIor.  OP  rRIKA^Y  SIGNAI.S  P'.OK  RURASIAR 
ATO  TlTf.  JJVanTS,  SSCORDBD  IN  AHG’?NTI?fA 


Dlttanee  (®) 

GET!  Slgnuls 

First 

tlotion 

Seconds 

Dela 

rv  Sl£nm] 

1 

CRW 

NCR3AR 

Truvel 

Time 

(m:8) 

tlm^e 

Identi¬ 

fication 

Ci2ll 

HORSAR 

!•  (■) 

IfORSAB 

21 

147 

19:05. f 

PKP 

♦ 

♦ 

22 

147 

19:43-S 

PKP 

- 

♦ 

B9 

e? 

157 

76 

20:01.4 

FKP 

■f 

♦ 

B9 

90 

197 

74 

20:00.0 

PKP 

mm 

-t 

0.8 

93 

148 

38 

19:51.6 

PKP 

♦ 

♦ 

0.8 

98 

148 

38- 

19:52.8 

PKP 

♦ 

■*> 

60 

147 

38 

19:35.4 

PKP 

- 

+ 

■9 

1.0 

11 

82 

73 

P 

- 

♦ 

mSm 

19 

82 

73 

P 

♦ 

19 

B 
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For  both  NTr.  prefuned  urderground  explosions,  ?-wave 
first  motion  on  the  Argentinian  records  is  negative,  contradictory 
to  the  expectation  of  uniform  compresnional  first  motion  radiation 
^or  an  undei’ground  explosion  source  mod c  1  (Dahlman  and  Israelson,  1977). 
First  motion  is  positive  on  Ihe  corresponding  NORSAB  records.  A  pos¬ 
sible  explanation  is  tectonic  strain  release  associated  with  explo¬ 
sions  (Rodean,  1980),  resulting  in  compression  at  some  stations  and 
dilatation  at  others,  depending  on  the  tectonic  strain  release  rtdiation 
pattern.  In  this  respect,  it  may  be  of  interest  to  note  that  the  KCRSAR 
and  CEN  azimuths  from  the  NTS  differ  by  approximately  90°,  so  that 
first  motion  would  indeed  be  likely  to  be  different  at  the  two  sta¬ 
tions.  Naturally,  this  hypothesis  would  have  to  be  further  tested 
with  a  statistically  sufficient  signal  population,  'because  of  uncer¬ 
tainty  in  core  boundary  effects,  interpretation  of  PKP-wave  first 
motion  information  has  been  omitted  in  this  study. 

The  onset  of  secondary  signals  is  relevant  in  event 
identification,  in  '•'art  since  they  may  be  depth  phases  giving  infor¬ 
mation  about  source  depth,  and  in  part  because  the  relation  between 
the  relative  amount  of  multiple  signals,  or  pulse  complexity,  and 
signal  fi enuency  seems  a  strong  contributor  in  multi-variate  dis¬ 
crimination  (Sax  et  al.,  1978;  Sax  and  Unger,  1980;  Unger,  1978a; 

Unger,  1980).  In  the  NORSAR  recordings,  secondary  signal  onset  de¬ 
termination  was  aided  by  the  accompanying  traces  of  the  instanta.- 
neouB  amplitude  or  envelope;  in  the  CEN  recordings,  secondary  signal 
onsets  had  to  be  determined  from  apparent  signal  phasing  or  interfe¬ 
rence  in  the  raw  seismograms.  Therefore,  it  is  possible  that  secondary 
signal  onsets  in  the  CEN  seismograms  may  have  gone  undetected.  The 
NORSAR  and  CEN  recordings  of  the  NTS  P-waves  show  good  coincidence  in 
seconds’^  signal  delays  (Table  TI-5U  However,  only  two  of  the  seven 
Eurasian  events,  87  and  53,  show  coincidence  in  secondary  signal  de- 
leys  unon;^  the  CEN  PKP-waves  and  the  NORSAR  P-waves,  suggesting  that 
secondaiy  signal  delay  information  may  be  changed  or  lost  at  the  core 
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boundL^rj'.  In  view  of  thr  abov’  ,  and  naturally  also  because  of  the 
lower  possibility  of  detection,  PKP  waves  are  expected  to  be  only 
of  limited  value  in  event  identification. 


Concerning  both  teleseisnic  and  regional  signal  dn- 
tuction,  Figure  11-17  shows  an  INPRKS  detection  bulletin  for  one  of 
its  stations,  reflecting  in  general  good  P-  and  S-wavc  detection. 
Apparently,  no  other  phases  ere  identified  in  this  bulletin. 

Finally,  in  ihc:  literature,  Sacks  and  Snoke  (1977) 
report  the  arrival  of  seismic  waves  between  P-  and  S-weves  at  South 
American  stations  from  large,  r'jgional  deep-focus  earthquakes.  They 
interpret  these  to  be  sp  and  ps  waves,  i.e.,  waves  which  convert  from 
S  to  P  and  from  P  to  S,  recpecti vely ,  upon  refraction  across  en  ap¬ 
proximately  horiTiontal  interface  at  a  depth  of  400  km.  P.ased  .n  an 
apparent  velocity  reversal,  they  suggest  that  this  discontinuity  may 
be  the  1  ithosphere-asthenosphere  boundary. 


H.  ArTCT.'ATIC  ''IGM'.L  DKTi’CTTON,  TTT:ING  A’T)  ID JNTIPICATION 

Iri  view  of  possible  future  a'  plication  to  Argertinian 
ecism.ol  ogy ,  research  performed  previously  by  the  principal  investi- 
•j^.tor,  '  nd  concerning  the  automatic  detection,  timing  and  idintifi- 
c-'itlon  of  seiamlc  event  signals  (Unger,  1978a,  1978b)  was  refined 
and  conrclide ted  in  two  presentations  (Sax  and  Unger,  I98O;  Unger, 
198c).  I’he  letter  has  been  prepared  for  publication. 

This  research  emphasiz'S  the  quantification  of  the 
SFSer.litl  time-domf-.in  information  of  seismic  waveforms  and  its  use 
in  achieving  the  above  mentioned  objectives.  It  is  shown  that  an 
efficient  Riitoratic  envelope  detector  and  timer  for  short-period 
si^’nfils  O'  'i  be  designed ,  Thin  detector  can  bs  equipped  with  a 
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INSTlTVrO  MACICK'IAL  Di:  PRLVfclNCIU^  SISKXCA 


SAN  JUAN  AkGENTlWA 

XXCTURAS  kROVISOklAS  Dfe'  LA  LJTACION  SlSMOLOCICA 
-TAMTI-  -  TCA  -  COHDOiiA  -  R.  Ary. 

Mas  I  MAR20  Afto*  1960 

Coordenadasi  Ljtitud  -31*  20*  19* 

Longitud  64*  35*  27* 

InatruiMintosi  S  -  13  SP  -  (Z;  H-S;  E-W)  T^-  I  sag. 

1  sag. 
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07-01-34.5 

02-26.2 

22-56-11.0 

59-53.5 

01-00-06.0 

09-56-34.2 

57- 12.0 

14- 10-40.5 
11-15.0 

01-29-24.0 

04-01-00.5 

02-16.5 

16-53-17.2 

54-26.5 

15- 53-49.0 
54-26.0 

01-13-26.8  4  •  10  K* 

29.8 
14-57-34.5 

58- 50.5 
22-53-17.5 

56.5 

22-02-06.0 

41.5 
02-11-07.6 
02-26-41.0 
00*52-33.9 
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22-04-57.0 
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01-27-46.2 
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INrT>c:f5  r  TECTICN  nrT.I.^TTN  for  station  TCA 


11-34 


controllable  false  alarm  rate,  based  on  a  Gaussian  noise  model.  Well- 
dispersed'  long-period  surface  waves  may  be  detected  by  means  of  sta¬ 
tistical  phase  bias  observation. 

For  Rurasian  events,  short-period  phase  and  frequency 
related  identification  parameters  (pulse  complexity  and  mean  instan¬ 
taneous  frequency),  produced  automatically  by  the  envelope  detector, 
ere  believed  to  show  an  inverse  relation  between  the  size  and  the 
amount  of  tectonic  energy  release  ruptures;  the  ruptures  triggered  by 
explosions  then  appear  to  be  smaller  than  the  spontaneous  ruptures  in 
earthquakes. 
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SECTION  III 

CONCLUSiONS  AND  FUTURE  WORK 


A  literature  orientation  on  regional  seismology  in 
Argentina,  and  an  initiation  of  a  study  on  noise  euid  signal  char- 
aracteristics  have  been  presented. 

Existing  and  projected  research  facilities*  including 
seismometry*  digitizing  of  data,  and  modem  computing  facilities* 
together  with  active  regional  seismic  phenomena*  form  a  strong  basis 
for  future  work.  Most  of  the  seismicity  is  explained  in  terms  of  tec¬ 
tonic  movement.  However,  for  instance,  the  apparent  seismicity  gap 
in  Tucinndn  Province  and  absence  of  seismic  activity  at  depths  be¬ 
tween  350  and  500  km,  the  seemingly  horizontal  part  of  the  subduction 
of  the  Nazca  Plate  und'jr  the  South  American  Continent,  and  the  depth 
of  the  lithosf ere-asthenosphere  boundary  are  items  suitable  for  fur¬ 
ther  investigation. 

If  feasible,  moment  tensor  program  application  to 
the  regional  and  teleselsmlc  signals  of  Argentinian  events  could 
augment  considerably  the  knowledge  of  regional  source  parameters 
and  propagation  phenomena.  It  then  would  be  interesting  to  correlate 
signal  and  source  characteristiCB  through  automatic  signal  parameter¬ 
ization. 


Hoiee  characteristics  confirm  the  relatively  high 
amplitude  levels  of  statione  located  over  sediment  and  aluvium*  in 
contrast  to  levels  of  a  few  mp  for  hard  rock  sites.  Local  diffemess 
may  be  as  much  as  30dB.  Micro-seismic  strorms  sesm  to  havs  thsir 
long-pez*iod  energy  mainly  between  5  and  10  second  periods. 
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Character! Stic 8  of  taleseismic  signals  recsivsd  In 
Argentina  from  Eurasian  and  NTS  events  show  negative  first  aotion 
on  the  NTS  P-waves,  and  possible  changes  due  to  the  P  to  PEP  wave  con¬ 
version  at  the  core  boundary  as  evidenced  by  secondary  signal  onsets. 
The  former  may  indicate  tectonic  strain  release  associated  with  under¬ 
ground  explosions. 

Under  continued  research*  inatallation  of  a  digital 
station  with  automatic  signal  detection  and  recording  are  projected. 
The  feaslblli-ty  of  automatic  signal  parameterlsation  according  to  an 
international  data  format  will  be  studied*  and  local  noise  measure¬ 
ments  may  be  tested  against  a  Gaussian  noise  model*  for  false  alanr. 
rate  control  of  the  automatic  detector. 
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